Ethanolic extract of seeds of Bryonia laciniosa Linn was administered orally to groups of male albino rats at the dose levels of 50, 100, and 150 mg kg À1 body weight per day for 28 days. The changes in sexual behaviour, reproductive organ weights, histology of testis and epididymis, epididymal sperm density, and androgenic hormone levels were evaluated. The sexual behaviour parameters studied such as mount frequency, intromission frequency, mount latency, intromission latency were significantly affected. Increase in body weight as well as weight of testis, prostate, seminal vesicle, and epididymis was noticed. Transverse sections of testis exhibited increased spermatogenesis and a significant increase in sperm count in epididymis. The fructose content of seminal vesicle was also increased. The extract treatment also brought a significant increase in serum testosterone and luteinizing hormone levels. The studies clearly reflect androgenic activity of the extract and its effects on hypothalamic pituitary gonadal axis.
Introduction
Vajikaran rasayana have been described in Ayurvedic system of medicine as herbs or herbo-mineral preparations that enhance the qualities of rasa and enriches it with nutrients. The enriched rasa helps in attaining longevity, memory, intelligence, freedom from sexual disorders, and youthfulness. Vrishya rasayana is a class of rasayana, which has marked influence on sexual organs and has been advocated for maintaining fertility and sexual performance. It increases sexual desire, promotes sperm quality, and brings about an overall improvement in physical and psychological health and is recommended for maintaining youthfulness in advancing age. 1 Bryonia laciniosa is a herb, which has been included in Vrishya rasayana category in Ayurvedic texts. B. laciniosa Linn Syn Diplocyclos palmatus (Linn.) Jeffrey (Cucurbitaceae) distributed throughout India and is locally known as Shivlingi. The seeds of B. laciniosa are known as 'shivlingi' because the upper surface of seeds has a marking and morphology, which resembles 'Shivling', icon of Lord Shiva, a popularly worshiped deity by Hindus. 2 It is an annual climber with bright red fruits and is reported to be of high medicinal value. 3 Traditionally it is used as acrid, anti-inflammatory, and tonic. It is also useful in treating inflammations and general debility. 4 The seeds are reported to be useful in curing cases of sterlity.
2 They are also constituent of ayurvedic formulation 'Strirativallabhpugpak' described in ancient text to improve sexual behaviour and as a general tonic. 1 Occurrence of punicic acid, goniothalamine, and glucomannan has been reported in this plant. [5] [6] [7] Although antimicrobial, larvicidal, anti-inflammatory, cytotoxic, analgesic, and antipyretic activities have been reported for various extracts of this plant. [8] [9] [10] [11] It is worth mentioning that no prominent study has been carried out so far to validate the effects of B. laciniosa as a reproductive tonic. These studies were thus planned to support the traditional uses of seeds B. laciniosa as a vajkaran rasayan.
Materials and methods

Plant material
Seeds of B. laciniosa Linn were collected from the forest surrounding the campus of Dr HS Gour Univresity, Sagar (MP) India. The plant was authenticated in Department of Botany, Dr HS Gour University, Sagar (MP), India and a herbarium has been deposited there as well (Herbarium No. NSC/ H/2008/01).
Preparation of the extract Powdered seeds of B. laciniosa were first defatted with petroleum ether (60-80 1C). The defatted marc was extracted with ethanol (95%) in a soxhlet apparatus. The solvent from ethanolic extract was evaporated under vacuum to yield the ethanolic extract (3% w/w), which was used for present investigation.
Animal
Albino Wistar rats of either sex weighing 120-130 g were housed in standard environmental condition. They were fed standard pellet diet and kept at 24 ± 2 1C reversed day-night cycle of 0600-1800 hours. Prior permission from the institutional ethical committee of the Dr HS Gour University, Sagar (MP) India was obtained for carrying out the experiment.
Treatment
Male Wistar strain albino rats were divided into four groups of six animals each. Group I animals served as control and received only vehicle. that is 0.2% gum acacia suspension. Animals of groups II, III, and IV were given ethanolic extract orally by feeding needle in dose of 50, 100, and 150 mg kg À1 , respectively, for 28 days.
Effect on weight of sexual organs and histological studies After 28 days of treatment as described above, the body weights of animals were recorded, after which all animals were killed by cervical decapitation. Testis, seminal vesicles, epididymis, and prostate glands were carefully removed and weighed. Testis and epididymis of animals were cut into small pieces and fixed in Bovine's fixative. After dehydration with varying percentage of ethanol, sections were cut (6 m), stained with haemotoxylin and eosin, and then analysed microscopically. 12 Effect on male sexual behaviour The effect on sexual behaviour of male rats was evaluated after 28 days of treatment with various doses of ethanolic extracts to respective groups. 12, 13 In brief, male rat was placed in the observation glass chambers to acclimatize with the cage environment. After about 10 min, sexually receptive female rat was dropped silently from one side of the chamber as a stimulus. The sexual behaviours, for example mounts frequency, intromission latency, post-ejaculatory latency, and mount latency, were recorded. Mount latency was calculated as the time between the introduction of female to the occurrence of first mount, mount frequency was observed as total number of mounts during the period of observation, intromission latency was considered as the time for first intromission after introduction of female in the cage, and post-ejaculation latency was calculated as the lag time between first intromission to the next within 30 min.
Sperm count
In-vivo sperm count. Epididymis of rats of each group were homogenized and taken into 5 ml of 1% sodium citrate solution and squashed thoroughly with the help of needle and forceps until a milky suspension was obtained. The solution was filtered through 80 m mesh and the volume was made up to 10 ml with the same solution; the made up volume was inclusive of washings of the filter. The suspension was shaken thoroughly and the spermatozoa were counted in five WBC counting chambers of the haemocytometer. The average numbers of sperms per chamber are reported. 14 
Fructose content in seminal vesicles
The seminal vesicles were macerated with 3 ml of distilled water and centrifuged at 4000 r.p.m. for 12 min. To the supernatant, fluid collected after centrifugation add 0.5 ml of resoreinol and 1.5 ml of HCl. The mixture was kept at 80 1C for 12 min. The reaction with resorcinol developed a rosy colour, which was measured at 500 nm using spectrophotometer. A calibration curve was drawn using dilutions of fructose solution and measument of the colour developed with resorcinol and HCl. 15 Hormone assay Serum concentration of testosterone (Eiagen Testosterone kit, Italy), luteinizing (LH), and follicle stimulating hormones (FSH) (Erba Fertikit, Germany) was measured following an immunoenzymatic method with an enzyme-linked immunosorbent assay reader, according to the standard protocol given in assay kit.
Statistical analysis
Results are reported as mean±s.e. The treated groups were compared with control by ANOVA after Dunnet's test. Significance level was set at Po0.5 and confidence level at 95%. Statistical analysis was carried out using Instat v 2.1
Aphrodisiac activity of Bryonia laciniosa seeds NS Chauhan and VK Dixit software residing in a Pentium IV processor run on Windows XP.
Results
Sexual organ weight and histological studies
The ethanolic extract of the seeds of B. laciniosa showed a general improvement in body weight of treated animals. There was a significant increase in weights of sexual organs such as testes, prostate, seminal vesicles, and epididymis. The extract increased the weight of all sexual organs in a dosedependent manner (Table 1) .
Transverse sections of testes of control group animals showed normal histo-architecture. The Sertoli and Leydigs cells of normal size were present. The semniferous tubules were normal in number with bundles of spermatozoa. In the transverse sections of extract-treated group animals, increase in diameter of seminiferous tubules was observed. Extract treatment also improved spermatogenesis in all groups as compared with control group (Figure 1) .
Transverse sections of epididymis of control group animals showed well-defined epithelium with basal and principal cells and stereocilia. In extract-treated animals, the epididymis have been widened to accommodate the extra large number of spermatozoa. The cytoplasm of epithelium cells showed granulation and a little enlargement in the nucleus. This is perhaps to provide nutrition to extra number of sperm. The connective tissue between the tubules is compressed but the blood vessels have a little diameter. This can be corroborated with the extra requirement of the nutrient from the blood. The lumen of extract-treated groups is condensed and filled with spermatozoa ( Figure 2 ).
Sexual performance
The ethanolic extract has a marked influence on sexual behaviour of animals and all the parameters studied exhibited improved sexual performance. The mount latency and post-ejaculation latency were significantly reduced in dose-dependent manner. A fourfold increase in mount frequency was recorded with 150 mg kg À1 dose of ethanolic extract (Table 2) .
Fructose content
The treatment with ethanolic extract influenced the fructose concentration in the seminal vesicles and marked increase in fructose concentration was observed in treated animals. A 41.23% increase in fructose concentration was recorded with 150 mg kg À1 treatment over control group (Table 3) .
Sperm count
The in vivo sperm count in control and extract test groups is presented in Table 3 . There was a significant increase in the number of sperms in extract-treated groups as compared with control.
Hormone level
Elevated hormone levels were recorded in animals treated with ethanolic extracts. The serum testosterone, lutenizing hormone, and follicular stimulating hormone were significantly increased in all the treated groups. It was noted that the change in hormone level was dose dependent (Figure 3 ).
Discussion
The results of the studies indicate that the ethanolic extract of B. laciniosa causes increase in the body weight as well as weights of sexual organs such as testis, epididymis, prostate, and seminal vesicles. It also brings remarkable change in sexual behaviour. The mount frequency of extract-treated group is increased; the mount latency as well as intromission latency and post-ejaculatory latency is decreased, which clearly indicates better sexual performance of male rats. Sections of testis and epididymis show increased spermatogenesis and the cells are packed with spermatids and sperms. Diameter of seminiferous tubule is also increased. Increased fructose content in seminal vesicle was noted after the extract treatment. Fructose synthesized in seminal vesicle is necessary to provide energy for the motility of sperm. Fructose synthesis is regulated by androgens and is thus directly corelated with testosterone levels. 15 The number of sperms in epididymis was also markedly increased. The increased sperm counts as well as increased fructose content are indicative of improved fertility because of extract treatment. With a view to understand these observation measurements of testosterone levels after treatment was undertaken. Elevated levels of testosterone were noticed in treated animals.
T is the main male gonadal hormone produced by the interstitial cells of the Leydig in the testis. It is also the major index of androgenicity. A certain concentration of androgens is also required for the initiation and maintenance of spermatogenesis and for the stimulation of growth and function of the prostate and seminal vesicles. T also helps in maintaining body shape, and increasing muscle mass and strength. The increase in testosterone will enhance androgen-dependent parameters such as mating behaviour, blood count, bone density, and maintenance of spermatogenesis. [16] [17] [18] [19] [20] [21] The levels of FSH and LH were also increased after treatment with the extract. T is produced by Leydig cells of the testes in response to LH, under the control of the hypothalamic-pituitary-testis axis. 22 It seems appropriate that the elevation in both LH and T serum levels by administration of extract may be responsible for the observed improvement in sexual behaviour. Both testosterone and FSH have an important function in spermatogenesis. 13, 23 FSH has key roles in the development of a normal complement of functional Sertoli cells (and thus adult spermatogenic potential), in the maturation of Sertoli cells at puberty and the maintenance of their cytoskeleton and cell junctions, and in the maintenance of spermatogonial development. Together, FSH and T support meiosis, exhibit an anti-apoptotic action on spermatocytes and round spermatids, and act co-operatively to promote spermatid maturation and sperm release. 2 The combined activity of FSH, LH, and testosterone Aphrodisiac activity of Bryonia laciniosa seeds NS Chauhan and VK Dixit has resulted in markedly increased spermatogenesis exhibited in testis sections.
The mechanism therefore appears to be through stimulation of gonadotropin probably through hypothalamus activation.
